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1. Introduction 
For the first 20 years of clinical use, CT scan explored morphology of the body with axial 
slices. Within the head, CT-scan allowed to analyze broadly the brain like any organ of the 
body, whereas the skull like others bones was finely detailed. 
The appearance of helical and multi-slice CT scans in the 1990’s, with high speed processes, 
led to volumetric and dynamic data, such as angio CT and CT perfusion.  
Since 2005, there has been a constant development in new techniques. 
1. The improved travelling table systems allow thicker dynamic studies, especially useful 
for cerebral perfusion. 
2. Dual energy allows reduction of metallic and bony artefacts, making possible to obtain 
material decomposition images (quantitative evaluation of density). 
However, these improvements often lead to increased patient irradiation. Techniques 
aiming to limit this important drawback are currently being developed, allowing reducing 
irradiation dose. 
We review the basic principles of advanced techniques, including irradiation dose 
reduction, and then describe their neuroradiological applications in daily practice. 
2. Material 
In our institution, we use a 40-mm CT scanner (General Electric Discovery CT 750 HD, with 
Gemstone Spectral Imaging and Volume Helical Shuttle Perfusion), with Adaptative 
Statistical Iterative Reconstruction (ASIR). 
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3. Dual-energy CT 
First experiments in Dual Energy CT (DECT), performed initially in the 1970s, demonstrated 
that DECT improved tissue characterization (Rutherford, Pullan, et Isherwood 1976). Until 
recently, this technology was impractical because of limiting factors such as insufficient 
spatial resolution, length of scan duration and important noise in the low-energy (low-
kilovolts, low-kv) images. Two datasets must be acquired separately, at different times, 
increasing the risk of patient movements during the two phases that can reduce image 
quality (Thorsten R C Johnson et al. 2007). 
Recent avdances in CT technology allow simultaneous acquisition of datasets at different 
energy levels (Coursey et al. 2010); such acquisitions have become possible either with two 
tubes mounted orthogonally, or with a generator able to switch between 80 and 140 kv 
targets in a very short time, less than 0.5 msec.  
3.1 Principles 
In Computed Tomography, differenciation of materials or tissues depends on X-ray 
attenuation, which is a function of X-ray energy, determined by photoelectric effect and 
Compton scattering (fig.1)  
 
 
Fig. 1. The two main mechanisms of X-ray (blue line) attenuation are photoelectric effect and 
Compton effect. Photoelectric effect happens within electronic shells (layers) and consists in 
electron (colored sphere) ejection with concomittant emission of photon and reorganisation 
of electrons between shells. Compton effect happens with electrons which are scattered with 
concomittant emission of photon.  
At the energy levels used in diagnostic imaging, Compton effect is almost independent of X-
ray photon energy, while photoelectric effect is strongly energy dependent (Sprawls Perry). 
The probality of photoelectric interaction increases as the energy is nearer to that of the K 
shell binding. The K edge is the energy level where there is a spike in attenuation, and 
which corresponds to energy levels just greater than that of the K shell binding. The K edge 
increases with the atomic number (Table 1) 
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K Edges and Atomic Numbers of Physiologic Substances 
and Contrast Agents 
Substance K Edge (keV) Atomic Number (Z) 
Hydrogen 0.01 1 
Carbon 0.28 6 
Nitrogen 0.40 7 
Oxygen 0.53 8 
Calcium 4.00 20 
Iodine 33.20 53 
Barium 37.45 56 
Gadolinium 50.20 64 
Table 1. Relationships between material atomic number and photon energy (Coursey et al. 
2010) 
DECT imaging relies on energy dependence of the photoelectric effect and on the variability 
of K edges. The optimal energies must be just greater than the K edge of substances 
explored (Coursey et al. 2010); using different energy levels, DECT allows distinguishing 
materials according to attenuation coefficients at selected energy levels. 
Material decomposition (MD) does not identify stricto sensu materials. Material attenuation 
curve is indirectly studied using the linear combination of two other materials (fig.2). Thus 
given two arbitrary selected basic materials, MD determines how much of each material 
would be needed to produce the observed measurements at low (65 Kev) energy and high (140 
Kev) energy. These last two values correspond to common fixed DECT parameters of energy.  
 
 
Fig. 2. The bone attenuation curve is a linear combination of iodine and water X-ray; x-axis, 
photon energy, Kev; y-axis, mass attenuation coefficient, m²/Kg (from D.A.Langan, (Langan 
DA 2008) 
For medical diagnosis, iodine and water are generally used, because they span the atomic 
number of the different materials that can be found in clinical practice. 
3.2 Pratical consequences 
Monochromatic spectral images obtained with DECT imaging are similar to that of a 
conventional Hounsfield unit image, but with fewer artefacts. This property is particularly 
useful to demonstrate implanted metallic devices such as coil, clip and electrode. In CT 
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angiography, it can distinguish between contrast in a vessel and calcification; it also allows 
removing skull base bone artefacts (Watanabe et al. 2009). 
With post-processing, monochromatic energy levels can be chosen within a range from 40 to 
140 Kev. At high energy levels, material contrasting is limited, whereas at low energy levels, 
they are more important. This allows material differenciation and quantitative evaluation of 
density (Thorsten R C Johnson et al. 2007). 
4. Volume helical shuttle and CT brain perfusion 
4.1 Principle of Volume Helical Shuttle (VHS) 
With the latest generation of multidetector CT scanners, it is possible to cover large 
volumes of anatomy in a very short time. As a consequence, a thick portion of the brain is 
explored.  
However, when width of coverage increases, it might increase phenomenas such as cone 
beam artefact (wide cone angle for wide-area detector), heel effect (non-uniform 
illumination of X-ray of the tube anode for wide-area detector) and scatter of X-ray photons. 
These inconveniences are reduced by VHS, which is a new adaptative technology enabling 
the CT table to travel back and forth using continuous periodic table movement during the 
acquisition (fig.3). 
 
 
Fig. 3. Volume helical Shuttle (VHS, left) compared to wide-coverage detector axial 
acquisitions (right): there is no image quality (IQ) concern with VHS, whereas with wide-
coverage detetector IQ concerns, as well as heel effect, cone beam artefact and increase 
photon scaterring, are known (from A. Hagiwara, 2008) 
VHS affords minimal overscanning, consequently reducing unnecessary radiation exposure, 
(fig.4). VHS also improves temporal sampling; for maximum scan coverage of 312.5 mm, the 
system realizes 20 passes (10 round trips) within 60 sec, with a temporal sampling of 2.9 sec 
at the center of the volume. 
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Fig. 4. There is no overscanning with Volume Helical Shuttle (top) conversely to 
conventional helical scanning (bottom) (from A. Hagiwara, 2008) 
4.2 Principle of CT brain perfusion 
VHS main application in neuroimagery is CT brain perfusion. 
Until today, maximum coverage allowed in a sufficient temporal resolution was of 20-mm 
thickness for four detector-rows CT, and 80 mm for sixteen detector rows. With VHS 
technology, the coverage for brain CT perfusion is 120 mm, obtained in less than 48 sec, with 
a temporal resolution of 0.2 sec. 
For many years, CT and MRI have been used for structural information. After the 
development of perfusion MRI, CT perfusion has been perfected and these two modalities 
now allow assessment of haemodynamic characteristics in brain tissue. 
CT perfusion consists in analysis of the time evolution of contrast agent during the first 
passage of an intravenous bolus of iodine (Grand et al. 2007) (Hoeffner et al. 2004). Scans are 
obtained in dynamic mode during the injection. Functional data of brain perfusion are 
automatically calculated according to the central volume principle, which relates cerebral 
blood volume (CBV), cerebral blood flow (CBF) and mean transit time (MTT) in the 
following equation: CBF = CBV/MTT. MTT is given by deconvolution of tissue 
enhancement curves with reference to an arterial curve, generally obtained in the anterior 
cerebral artery (fig. 5). For each parenchymal pixel, CBV is calculated as the area under the 
curve divided by the area under the curve in the arterial ROI. Then, CBF is calculated 
according to central volume equation. 
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Fig. 5. Time-concentration curve. The anterior cerebral artery is generally choosen as the 
input artery (ROI, left), and time-concentration curve is generated from data within the ROI 
pixels (right; in this example the ROI comprises 102 pixels; x-axis, image number; y-axis, 
Hounsfield unit). 
 
 
Fig. 6. (A) Mean Transit Time color map, msec, from 0, red, to 15, blue; (B) Cerebral Blood 
Flow color map, ml/msec, from 0, blue, to 100, red; (C) Cerebral Blood Volume color map, 
ml, from 0, blue, to 10, red. (Normal data) 
A parameter related to vascular dynamics process has also been introduced, namely 
Permeability Surface Area Product (PS), which evaluates the flow of contrast agent crossing 
the capillary wall between intravascular and extravascular compartments.  
This trans compartment flow is often called blood vessel leakness or blood clearance of 
contrast agent and is extrapolated from Patlak graphical analysis used for glomerule 
filtration rate exploration (Dawson 2006). The formula is as follows: PS = P × S; P 
(permeability) = D / t, with D = diffusion coefficient of contrast agent, and t = thickness of 
endothelium; S = surface of capillary tree.  
PS is expressed in ml / 100 g of tissue / min. A voxel-wise approach leads to PS map (Fig. 7)  
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Fig. 7. Permeability Surface Area Product (PS) map, from 0, blue, to 10, red, in ml / 100 g of 
tissue / min (normal data) 
CT perfusion presents some advantages compared with magnetic resonance imaging (MRI) 
perfusion: 
- It allows qualitative and quantitative analysis, by giving absolute values of brain 
perfusion. 
- Patient access is generally easier and CT perfusion is easy to perform; thus CT perfusion 
can be the initial exploration. 
- Spatial resolution is good; voxel size is about 1-2mm. 
- Results are obtained in less than 15 mn. 
The main limitation of CT perfusion was the thickness of coverage, which is of 20 mm for a 
4-detector row and 80 mm for a 16-detector row) (Grand et al. 2007)). VHS now allows 
coverage of 120 mm of the brain, with a temporal resolution of 1 image every 3 sec.  
The main drawbacks are the risk of radiation overexposures and adverse effects due to 
iodinated contrast agent.  
5. Reducing radiation dose in CT neuroimagery: use of adaptative statistical 
reconstruction algorithm (ASIR) 
Since the inception of CT, the number of CT scans per year has dramatically increased 
(Brenner et Hall 2007). This results from its large availability, speed and diagnostic benefits. 
The drawback was increased radiation doses, requiring new techniques reducing these 
doses while improving diagnosis performances. 
Reconstruction algorithms currently used such as filtered back projection (FBP) are unable 
to generate diagnostic quality images if X-ray tube currents decrease because signal-
difference-to-noise ratio decreases with low-dose CT. 
One alternative is iterative reconstruction technique (McCollough et al. 2009)(Silva et al. 
2010) perfected with an adaptative statistical iterative reconstruction technique (ASIR), 
which limits computing time. 
ASIR uses information obtained from the FBP algorithm and then uses matrix algebra to 
transform the value of each pixel to a new estimate of the pixel value. This new pixel value 
is then comparated with the ideal value predicted with the noise model. Iterations are 
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successively performed until final estimated and ideal pixel values converge (Silva et al. 
2010)(Hara et al. 2009). It is possible to blend ASIR and FBP images in a range of 10% to 
100%(Leipsic et al. 2010)(Flicek et al. 2010) . 
Recent studies have demonstrated that ASIR reduces noise and improve signal-difference-
to-noise ratio. By applying an appropriate percentage of ASIR, radiation doses are reduced 
between 23% to 65% (Leipsic et al. 2010)(Flicek et al. 2010)(Sagara et al. 2010)(Prakash et al. 
2010). 
6. Medical Neuroimaging 
6.1 Applications of CT perfusion 
6.1.1 Acute stroke 
Recent advances in thrombolytic therapy, allowing reperfusion of brain tissue, have fostered 
the identification of biological parameters witnessing of reversible cell damage within the 
hypoperfused territory. Restoration of normal cell activity depends on severity of cell 
damage and on blood supply, particularly oxygen content and cerebro-vascular 
autoregulation. The tissue tolerance of CBF reduction ranges from 20 ml/100g/min to 6-10 
ml/100g/min; below 6-10 ml/100g/min, cell damage and synaptic conduction may be 
irreversible, leading to infarction; below 20 ml/100g/min, often called the “penumbral flow 
threshold”, damage may be reversible (Zaro-Weber et al. 2009) 
One of the challenges is to identify the area where the cerebro-vascular autoregulation is 
maintained, because of the likelihood to reverse non-lethal cell damage. CT perfusion can 
determine this penumbra area, defined by normal or elevated CBV, while CBF is decreased 
and MTT is increased because of hypoperfusion (Max Wintermark et al. 2002). 
The infarct core, i.e. area of irreversibility of damaged tissue, is characterized by the loss of 
cerebro-vascular autoregulation, and defined by decreased CBV, decreased CBF and 
increased MTT;  (Grand et al. 2007)(Hoeffner et al. 2004)(Schramm et al. 2004)(Schaefer et al. 
2006)(Mejdoubi, Calviere, et Dumas 2010) (fig.8).  
 
 
Fig. 8. Recent stroke in the left middle cerebral artery territory. Infarct tissue has elevated 
MTT (A), decreased CBF (B) and decreased CBV (C). Note the mismatch between the infarct 
area and the tissue at risk of infarction, which corresponds to the area where CBV is 
maintained and MTT is increased. 
Patients with acute stroke can benefit from reperfusion therapy if undertaken before six 
hours, if the size of infarct area is less from one third of the middle cerebral artery territory, 
and if there is a minimal mismatch ratio of 20%, between the infarct core and the penumbra, 
hence more than 20% of the hypoperfused region could recover (Furtado et al. 2010). In 
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addition, mismatch ratio increases with the z-axis coverage, or thickness, of CT Perfusion 
(Furtado et al. 2010). Consequently, increasing coverage of CT Perfusion, improves accuracy 
of functional data; it also prevents missing a lesion by incorrect selection of the tissue block 
analysis. 
The most sensitive criteria of early detection of ischemia seems the relative increase of MTT, 
compared with controlateral safe hemisphere, higher than 145%, and the most accurate 
parameter to determine infarcted area seems a CBV value under 2ml/100mg;  the mismatch 
between areas with a CBV lower than 2ml/100mg and areas with increased MTT allows the 
most accurate delineation of tissue at risk of infarction (Max Wintermark et al. 2006). 
Another recent study shows that the risk of hemorrhagic transformation in acute stroke 
patients is correlated with increased PS (Aviv et al. 2009) 
CT angiography (CTA) is usually performed during the same session to determine stroke 
etiology, intra or extracranial vessel occlusion or dissection, and occlusion location. 
Conventional CTA images are well known to have poor quality in skull base region (Ma et 
al. 2010). In DECT acquisitions, value of iodine increases much more than bone or calcium 
with decreasing of X-ray tube voltage. By varying the values of Kev on Material 
Decomposition images, skull base bone artefacts are exclude, while keeping good contrast in 
the lumen of arteries, and vascular calcifications are removed, allowing to insulate the 
lumen vessel (Thorsten R C Johnson et al. 2007) (Coursey et al. 2010)(Watanabe et al. 2009). 
Finally, CT is a reliable and accurate technique to explore patients with acute stroke, 
combining CT without injection to exclude intracranial haemorrhage, CT Perfusion to 
evaluate penumbra, and CTA to determine the etiology of ischemia (Grand et al. 
2007)(Hoeffner et al. 2004)(Furtado et al. 2010). 
However, CT may be insufficient for lacunar or brainstem infarction and also to determine 
directly cell damage. 
6.1.2 Vasospasm 
Vasospam is a complication of aneurysmal subarachnoïd hemorrhage that can worsen the 
prognosis. Severe vasospasm can lead to delayed cerebral ischemia (DCI) and symptomatic 
vasospasm, this latter can lead to delayed ischemic neurologic deficit (DIND); one can bear 
in mind that the relationship between vasospasm and DIND is not straightforward (Al-
Tamimi et al. 2010) 
The diagnosis of vasospasm and DCI stays difficult to establish and often delayed. 
Currently, the gold standard of arterial vasospam diagnosis is conventional angiography, 
and the survey of patients relies mainly on clinical examination and transcranial Doppler. 
Recent studies show that CT Perfusion is useful and reliable to assess vasospasm and DCI,  
vasospasm  induces increased MTT and further decreased CBV (Grand et al. 
2007)(Dankbaar et al. 2009)(van der Schaaf et al. 2006)(M Wintermark, N U Ko, et al. 
2006).(Max Wintermark et al. 2008). MTT seems the most sensitive parameter to detect 
regions at risk to vasospam (M Wintermark, N U Ko, et al. 2006) (Pham et al. 2007) (Max 
Wintermark et al. 2008) (fig.9). 
In addition, CT Perfusion is repeatable at regular intervals with reproductible parameters, 
making it useful in this critical period, while taking into account risk of radiation 
overexposures and adverse effects due to iodinated contrast agent.  
VHS can help to detect directly the vasospasm on the vascular tree during CTA, allowing 
wider exploration of vascular territories. DEACT reduces artefacts generated by metallic 
clips or coils enabling better analysis of vessels (fig.10); it also removes bone artefacts. 
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Fig. 9. CT Perfusion performed seven days after intravascular embolisation of anterior 
communicant artery aneurysm revealed by subarachnoïd hemorrhage: increased MTT (A) 
associated with decreased CBV (B) in right middle cerebral artery territory (white arrows) is 
the result of vasospam. 
 
 
Fig. 10. Using DEACT (B) removes most of artefacts visible on current CT acquisition (A); 
same patient than in fig. 8.  
Compromise must be found when increasing Kev to reduce artefact, because this can lead a 
false reducing of vascular luminal diameter, mimicking a vasospasm. 
6.1.3 Tumors 
It is challenging to determine the bio-architecture of brain tumor. Modern non invasive 
imaging techniques allow estimating many biological parameters, which must be 
interpreted cautionly and compared with histological findings, which are still the gold 
standard for tumor classification (Scheithauer, Fuller, et VandenBerg 2008). Among bio-
architectural parameters, such as cell proliferation and energetic metabolism, 
vascularization is of upmost importance since it was demonstrated that it could be an 
important prognostic factor, nowdays easily accessible with non invasive imaging 
(Scheithauer, Fuller, et VandenBerg 2008). 
However the word vascularisation covers different conditions, such as 
hypervascularization, neo vascularization whatever the cause (e.g. tumor growth, tumoral 
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vessels, radionecrosis) and blood brain barrier (BBB) dysfunction up to permanent rupture. 
Imaging perfusion allows quantifying CBF, CBV, MTT and PS product that could be usefull 
to show differences between diverse brain tumors and to determine non-invasive prognostic 
factors. 
Thus, for the last few years, studies of MRI perfusion imaging have shown correlation 
between increasing of regional CBV (rCBF), Permeability Surface-area product (PS) and 
grading of tumors (Grand et al. 2007)(Hoeffner et al. 2004)(R Jain et al. 2008)(Law et al. 
2003)(Ding et al. 2006). CNS lymphomas have intense contrast enhancement with increased 
PS product whereas CBV remains low (Schramm et al. 2010). In gliomas, perfusion imaging 
could also be useful to guide the biopsy where there is the greatest increasing of rCBV and 
PS (Grand et al. 2007) . 
Lastly, it can assess the response to treatment (besides the tumoral volume), and 
differentiate tumor recurrence from radionecrosis(Grand et al. 2007)  (see e.g fig.11) 
One of the main advantage of CT Perfusion compared with MRI is the quantitative 
assessment of PS. Poor anatomical definition remains a drawback of this technique, and 
additional studies are required to validate results; however it seems to be a good 
alternative or complement to MRI perfusion imaging, especially to obtain quantitative 
data. 
 
 
Fig. 11. CT Scan (iodinated contrast injection) performed 2 years after fractionated 
radiotherapy for a frontal metastasis (A) shows a contrast-enhancing lesion (white arrow); 
CT perfusion has revealed increased CBV (B) and increased PS (C) favoring tumor 
recurrence confirmed by histopathological analysis.  
6.1.4 Other applications of vascular imaging 
CT Perfusion is a non-invasive way to characterize cerebral vascular autoregulation, and 
could hence be used to adjust and monitor brain oedema therapy following head injury (M 
Wintermark, Chiolero, et al. 2006). In this indication, VHS is always interesting to study a 
greater width of cerebral parenchyma. 
Time aspect given by perfusion imaging can be used to obtain dynamic images of cerebral 
blood flow (fig.12) 
This technique is not a current practice because of the volume of data lending long 
reconstruction time. However, it seems interesting in specific indications, such as arterio-
veinous malformation for diagnosis and volume survey of vascular nidus after treatment. 
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Fig. 12. Dynamic CT acquisitions show the circulation of iodinated contrast agent in the 
vessels: from arterial time (A) to venous time (F). An intraventricular catheter (white) is 
visible.  
6.2 Analysis of contacts of deep brain stimulation electrodes: a predictable using of 
spectral CT  
Groups performing brain stimulation advocated post-operative imaging, MRI or CT to 
analyse the anatomic position of each electrod contact (F Caire et al. 2006)(Duffner et al. 
2002)(Ferroli et al. 2004)(Lemaire et al. 2007, a) (Pinto et al. 2007)(Vayssiere et al. 2004). 
We studied the artefact generated on CT scans by the contacts of the DBS 3389 electrode 
(Medtronic, Mineapolis, USA) (Hemm et al. 2009). In vitro-study showed that the distal and 
proximal limits of a lateral black artefact represented the four contacs of the electrode. In 
vivo-study confirmed that the artefacts are reliable to define the position of the fours 
contacts. Phantom and patient CT acquisitions showed the presence of three other sorts of 
artefacts: a white artefact corresponding to the electrode, a lateral black artefact around a 
part of the electrode due to the large difference in density between the contact and the 
surrounding tissue, and zones of protuberance of the white artefact, corresponding to the 
transition from metal to insulation (unlike for MRI, where the biggest artefact correspond to 
the contact of the electrode). From these observations, three measurements were carried out: 
height of the lateral black artefact (H), distance between the begining of the white and the 
lateral black artefact (D), maximal artefact width (W), representing respectively the lengths 
of the four contacts, the electrode tip and width of the contact zone (fig. 13) 
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Fig. 13. A. Illustration of the different artefact parameters measured on phantom and patient 
CT acquisitions; W , maximal width of the white electrode artefact, H height of lateral black 
artefact along the electrode axis, D, distance between the beginning of the white electrode 
artefact and the beginning of the lateral black artefact (Hemm et al. 2009). B. After 
identification of the distal and proximal black artefact boundaries (dotted lines), the location 
of the four contacts is determined relatively to the point (M) placed in the middle of the 
distance between the two boundaries (Hemm et al. 2009). 
The width of the artefact was nearly twice the theorical electrode diameter because of X-ray 
diffusion. There was no difference between pseudo-sagittal and pseudo-coronal 
reconstructions along the electrode axis; however there is a slight influence of the second 
electrode in the pseudo-coronal direction. Consequently, contact positions analysis relied 
on (fig.13.B): identification of the end of the distal contact corresponding to the distal 
boundary of the lateral black artefact, the tip length of approximately 1.2 mm can be used to 
validate the beginning of this black artefact; identification of the beginning of the proximal 
contact corresponding to the proximal boundary of the lateral black artefact; calculation of 
the four contact locations, according to the known electrode geometry. 
This study demonstrates that post-operative CT scan in implanted patients is a useful 
alternative to MRI. In addition, CT offers some advantages over MRI: shorter acquisition 
time (< 1 min versus 5 min), greater accessibility and lower cost. MRI-CT coregistration 
allows optimizing post operative data using with the best contact analysis on CT and the 
best anatomical analysis on MR (Lemaire et al. 2007,b) . There are also safety issues for both 
techniques: Specific Absorption Rate (SAR) can be a problem for MRI because the presence 
of a metallic implant carries a potential risk of electrode displacement or of heating under a 
high magnetic field (Gleason et al. 1992)(Schueler et al. 1999)(Uitti et al. 2002), and CT uses 
ionising radiations. 
Further studies are mandatory to reduce electrode artefacts. First measurements made with 
DEAC technology seems promising, reducing dramatically artifacts; MRI-CT coregistration 
and refined electrode analysis suggest that we will have nearly real visualization (fig 14), 
allowing better understanding of deep brain stimulation mecahnisms.  
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Fig. 13. DEAC monochromatic images are close to reality: (A) reconstructed image along the 
electrode (DBS 3389), showing artefacts of contacts; B, coregistration of electrode artifact 
extracted from DEAC images with pre operative MRI, on the right, zoom in of the electrode 
artifact showing details of the tip (*) and twisted electride wires (#). 
6.3 Material decomposition 
Multi-Energy CT enables measurement of material density using spectral images, namely 
Material Decomposition (MD). MD allows separation and characterization of different 
materials with similar CT density values (Hui et al. 2010). In clinical neuroimaging, this 
technique can be used for several purposes such as differenciate iodine in the vessel lumen 
from wall calcifications (Coursey et al. 2010) (Fig.14) and differentiate intracerebral 
hemorrhage from iodinated contrast (Rajiv Gupta et al. 2010) (fig.15) 
Density measurement of products using multi-energy opens prospects in biomedical 
research.  For instance, it is possible to determine physical properties of gels, such as density 
(mg/cm3) and homogeneity (fig. 16)(Saliege et al. 2010)  
 
 
Fig. 14. Carotid (white arrow) CTA: (A) 70 KeV monochromatic image; (B) calcium density 
windowing; (C) iodine density windowing. Data transformation into effective material 
densities (MD) improves tissue characterization. 
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Fig. 15. Hyperdensity due to hemorrhage (white arrow) on mono energy 70 keV images (A) 
is removed on iodine density image (B). 
 
. 
Fig. 16. Measurement of 1.1% agarose gel (3 samples) using post-processing on 65 keV 
monochromatic image. 
7. Conclusion 
Most recent advance in medical CT imaging relies on dual-energy and improvement of 
travelling table system. They enable a more accurate evaluation of tissue density and brain 
perfusion, with a reduction of artefacts and an increase of cover thickness, retaining 
moderate radiation dose using suited reconstruction algorithms (ASIR). 
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